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EVALUATING THE TOTAL COST OF AN ON-SITE SOLAR ENERGY SYSTEM
Dennis Costello and Jerry Bradley 
Midwest Research Institute 
Kansas City, Missouri
Abstract
A methodology for evaluating the total or life-cycle cost of an on-site solar energy 
system is presented. The costs represent after-tax or effective costs realized by 
the owner of the energy system. The methodology addresses: (1) capital costs; (2) 
fuel costs; (3) maintenance and operating costs; (4) property taxes; (5) the tax 
benefits of depreciation; and (6) the investment tax credit. The model was developed 
for evaluating solar energy systems located at the point where the energy is demanded. 
However, the methodology also has applicability to many other types of energy systems.
1. INTRODUCTION
The 1973 Arab oil embargo and subsequent increases in 
the price of all types of energy have dramatically 
highlighted the United States' dependence on energy, 
and especially energy imports. Among other things, 
the current energy situation has led to a resurgence 
of interest in solar energy. The utilization of solar 
energy can take a variety of forms. They include 
(1) domestic hot water heating, (2) space heating,
(3) air conditioning, and (4) the generation of 
electricity. Each of these applications faces numer­
ous technical and economic barriers to their com­
mercial development.
Midwest Research Institute has recently undertaken 
a study for the U.S. Congress to evaluate the use 
of solar energy to generate electricity.* The study 
dealt with the generation of electricity at the point 
of use (i.e., on-site) and the utilization, where 
economical, of the resulting waste heat to provide 
heating and cooling energy.
Among the many findings of the study was the con­
clusion that economic factors were of major signifi­
cance in the commercial viability of the technology. 
On-site solar electric systems exhibit many economic 
differences from their conventional energy system 
rivals. The solar energy systems are more capital in­
tensive than conventional systems and therefore have 
a higher initial cost. Secondly, they require very
little fossil fuel (used only as backup) and will ex­
hibit lower operating costs than conventional units. 
These two major differences lead to subsequent dis­
crepancies in taxes and other cost considerations. To 
evaluate the extent of these discrepancies a method­
ology has been developed to evaluate the total or 
life-cycle cost of on-site energy systems.
The methodology presented is designed to evaluate on­
site solar energy systems. However, the approach is 
general enough to be used in a wide variety of other 
applications. For example, in the technology assess­
ment mentioned above, the methodology was used to est­
imate the total cost of a conventional fossil energy 
system and a fossil "total-energy" system. The "total 
energy" system produces electricity using fossil fuels 
and utilizes the waste heat for space heating and co­
oling. Many other types of energy systems can also be 
investigated with this methodology.
2. TOTAL COST CALCULATION METHODOLOGY
Evaluating the total cost of an energy system requires 
that all expenses incurred in construction and opera­
tion to be taken into account. These costs include 
the cost of capital equipment, financing costs, mainte­
nance and operating costs, taxes, depreciation and 
tax credits. Alternative energy systems can be com­
pared on a cost basis if they produce the same quantity
* "Technology Assessment of On-Site Solar Electricity," conducted by Midwest Research 
Institute for the Office of Technology Assessment, U.S. Congress. The final report 
is to be released in early 1976.
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and quality of energy at the same point in time. Since 
construction time varies for different systems and ex­
penses are incurred at different times, the present 
value concept is utilized.
The cost function consists of six basic components.
They are: (1) capital costs; (2) fuel costs; (3) main­
tenance and operation costs; (4) property taxes; (5) 
depreciation; and (6) the investment tax credit. The 
present values (PV) of these six components are then 
added to obtain the total cost estimate.
illustrates this formulation.
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2.1 CAPITAL COSTS
The capital cost component consists of cash outlays 
to purchase and install the necessary equipment plus 
the cost of financing those expenditures over the life 
of the system. If the system is a solar energy system, 
the capital outlays would consist of items such as:
Figure 1 - Timing Sequence of Construction and Opera­
tion of Energy Systems.
Letting kt denote the capital expenditures in period 
t , we can express the necessary cash outlays, in 
general, as:
(1) (amount of collector area in ft^) x (price/
ft2)
(2) (amount of prime cycle heat storage capacity 
in KWH) x (price/KWH)
(3) (amount of space conditioning heat storage 
in BTU's) x (price/BTU)
(4) (amount of solar electric equipment capacity 
in KW) x (price/KW)
K =
t=m-CY
The present value of the capital outlays (Kp) is 
given by:
KP
i l l
1t=m-CY
kt
(1 + ck)t ( 1 )
(5) (amount of fossil fuel electric equipment 
capacity in KW) x (price/KW)
(6) (amount of fossil fuel space conditioning 
equipment capacity in BTU/hr) x (price/BTU 
per year)
(7) (amount of solar space conditioning equip­
ment capacity in BTU/hr) x (price/BTU/hr) 8
(8) (amount of battery storage capacity) x 
(price/unit)
where: ck = the owner's weighted cost of
capital. (explained below)
The distribution of capital expenditures (kt) over the 
construction period affect the present value of the 
capital costs (Kp). In order to determine the direc­
tion and magnitude of these effects, a series of four 
distinct capital outlay distributions were compared. 
The first distribution or cash flow pattern considered 
flows of equal size during each year of construction 
(see figure 2).
If these capital goods were all purchased and erected 
in the present period the installed cost of capital 
equipment would simply be the summation of the eight 
components above (denoted as K). No discount factor 
would be necessary.
However, a more realistic approach to the problem 
takes the time of construction into consideration.
Let tQ equal the present time period. (In this analy­
sis, each time period represents one year). An ac­
curate comparison of the cost of systems that take 
varying lengths of time to construct requires that 
all systems begin operation in the same year. Let 
m equal the number of years necessary to build the 
system with the longest construction period. Let <y 
equal the number of years required to build the system 
being considered. Therefore, by definition, cy is 
less than or equal to m. All systems will begin oper­
ation m years in the future. Construction of the 
longest system will begin at tQ (t0 = 0). Construction 
of any other system will begin at m - cy. Figure 1
Figure 2 - Hypothetical Construction Outlay Pattern, 
Case I; Constant Outlay Pattern
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The present value of this cash flow pattern is given 
by the expression:
m
Kp ~ a ^  (l+c^jt . . .  (2)
where: Kp = the dollar amount that will have
to be financed.
The second case considered cash flows that increase 
each year. That is, the capital expenditures in 
each period would exceed those of the preceeding per­
iod. The largest yearly outlays would occur in the 
last year of construction. Figure 3 approximates this 
situation using a step function.
Figure 3 - Hypothetical Construction Outlay Pattern, 
Case II, Increasing Outlays
The third case represents a cash flow pattern which 
is just opposite the situation in Case II. Capital 
expenditures are the highest in the first year of 
construction and decline throughout the rest of the 
construction period. The last period of construction 
therefore contains the smallest amount of capital 
outlays. Figure 4 illustrates this situation.
Figure 4 - Hypothetical Construction Outlay Pattern,
Case III: Decreasing Outlays
The final example considered is a peaked distribution 
of outlays. In the early years of construction, cash 
outlays are relatively small. As the project continues, 
outlays per period increase. As the project nears com­
pletion, the outlays taper off (see Figure 5).
Figure 5 - Hypothetical Construction Outlay Pattern, 
Case IV: Peaked Outlays
A comparison of the present value of each of these 
four example cases was accomplished by setting the 
discount rate (c^) equal to 57« and the construction 
period at 10 years. The present value of each case is 
then calculated as a percentage of the total construc­
tion costs. Table I summarizes the calculations. *
* Construction time refers to the number of years required to build the system. Year 
1 on the axis is the year construction begins. It is equivalent to period (m~a) in 
the previous discussion. A 10 year construction time is assumed in the discussion 
that follows.
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TABLE I
SUMMARY CALCULATIONS FOR ALTERNATIVE CONSTRUCTION OUTLAY PATTERNS 
________________________________ Year________________
Case I (Equal Outlays’) 1 2 3 k 5 6 7 8 9 IQ
Percent of capital spent each year .1 .1 .1 .1 .1 .1 .1 .1 .1 .1
Discount factor .95 .91 .86 .82 .78 .74 .71 .68 .64 .61
Present value (Percent of capital in 
each year .09 .09 .09 .08 .08 .07 .07 .07 .06 .06
Total present value of capital = .77 (Total capital outlays)
Case II (Increasing Outlays')
Percent of capital spent each year .02 .04 .05 .07 .09 .11 .13 .15 .16 .18
Discount factor (r = .05) .95 .91 .86 .82 .78 .74 .71 .68 .64 .61
Present value (Percent of capital 
in each year) .02 .04 .04 .06 .07 .08 .09 .10 .10 .11
Total present value of capital = .71 (Total capital outlays)
Case III (Decreasing Outlays)
Percent of capital spent each year .18 .16 .15 .13 .11 .09 .07 .05 .04 .02
Discount factor (r = .05) .95 .91 .86 .82 .78 .74 .71 .68 .64 .61
Present value (Percent of total capital 
in each year) .17 .15 .13 .11 .09 .07 .05 .03 .03 .01
Total present value of capital = .84 (Total capital outlays)
Case IV (Peaked Outlays)
Percent of capital spent each year .03 .07 .10 .13 .17 .17 .13 . 10 .07 .03
Discount factor (r= .05) .95 .91 .86 .82 .78 .74 .71 .68 .64 .61
Present value (Percent of total capital 
in each year) .03 .06 .09 .11 .13 .13 .09 .07 .04 .02
Total present value of capital = .77 (Total capital outlays)
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Table I shows that the greatest difference in the total 
present values occur between Case II and III. This is 
expected since these cases represent opposite extremes 
of cash flows. Cases I and IV lie within these extreme 
values and, in this example, are identical. These 
latter two cases could be expected to be similar because 
outlays in the peaked distribution exceed the constant 
outlays in the middle of construction but are less in the 
beginning and end of the period.
This analysis gives some evidence that a constant cash 
outlay assumption over the construction period is not 
an unreasonable approximation of the more realistic 
peaked outlay pattern. The present value of a constant 
outlay pattern also lies within the extremes of the 
more radical patterns. Its use therefore minimizes 
the error created by choosing an incorrect pattern of 
either of the extreme cases. It is realized that the 
cases just described are only one set of possible ex­
amples. Alternatives using other discount rates, con­
struction periods and outlay patterns may yield dif­
ferent results. However, to protect the analysis from 
becoming so full of detail it becomes impossible to 
solve, we have chosen a simplified outlay pattern. The 
pattern used in our analysis is expressed by kt = 
for all t,
2.1.1 Financing the Capital Investment
The options available for financing depend on the 
ownership and size of the energy system. For example, 
an on-site solar or fossil fuel energy system geared 
to service a community of 100,000 could be an investor- 
owned corporation. The corporation would buy long­
term debt and issue equity in the form of common and/or 
preferred stock. If the same size energy system was 
publicly owned, the financing would probably be gener­
ated by means of long-term debt. An on-site energy 
system designed for a single family dwelling would 
probably finance construction costs only by buying 
long-term debt in the form of a mortgage.
A weighted cost of capital approach will be used to 
overcome these differences. This approach also explic- 
ity considers differences in debt-equity mix and dif­
ferentials in competing interest rates.
The weighted cost of capital approach multiplies the 
percentage of the corporation's capital account in each 
instrument times the appropriate interest rate. Let 
Ps equal the percentage of capital in common and pre­
ferred stocks and equal the percentage in the debt 
instrument. The interest rate and required rate of 
return are given by r^ and rs, respectively. There­
fore, the weighted cost of capital is given by the 
expression:
ck = V rD> + Ps<rs) • • • (3)
where: ck = the weighted cost of capital expres­
sed as a decimal fraction.
The weighted cost of capital (ck) is then used as an 
approximation of the discount factor in the organiza­
tion's present value calculations. Its major purpose 
is to represent the opportunity cost of money.
2.1.1.1 Corporate financing. The corporate owned firm 
can borrow and/or issue stocks. The mix of debt and 
jquity actually used will depend on the size of the 
project in relation to the corporation, as well as the 
financial status of the firm. Let qD be the percentage 
of the project financed with debt and let qs be the 
percentage financed in equity. The present value (PV) 
of the interest costs for each instrument is given by:
m+n
PV of interest cost = rD (qD)(Kp) (l+ck)c +
> t=m~a
m+n
rs(qs) ^  (l+ck) t = LrD^D^ + rs(<ls l^[KF
t=m-Q'
m+n
Z  T T + ^ T 1 * * * (4)t-m-Q-
where: qD = the percent of the system's capi­
tal cost financed by debt.
qs = the percent of the system's capi­
tal cost financed by issuing 
equity.
Interest paid on debt is a deductible expense for cor­
porate income taxes. The effective cost of debt in­
terest is therefore reduced by the factor 1 - Tc 
where Tc is the corporate income tax rate. The debt 
principal must also be repaid at the end of the finan­
cing period. The funds raised by issuing stocks do not 
have to be repaid in a lump sum at the end of the pro­
ject. However, in order to sell the stock the buyer 
must be expecting a positive return. The present value 
of the principal repayment plus the funds that will 
continue to be paid as dividends can be approximated 
by the expression:
KF
'(1 + ck) ( m^ +n
The present value of the total cost of capital to the 
firm can be expressed as:
m+n ^
Cc = [(l-Tc)(qD)(rD ) + rs(qs)] [KF ^  (l+ck)“t  ^+
t=m-Q'
KF
?l+ck) im-aj+n . . . (5)
2.1.1.2 Mortgage debt. If the owner of the energy 
system is not a corporation, his financing alternatives 
are reduced to buying debt or saving in advance. For 
this analysis we will consider the debt alternative 
only. We also assume this debt would probably be in 
the form of a mortgage. The cost of a mortgage
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where: (N + a) = the length of the mortgageincludes interest expense and the repayment of the 
principal. These two costs must be separated because 
only the interest can be used as a tax deduction.
Repayment of a mortgage is accomplished by periodic 
payments of a specific amount for a predetermined 
number of time periods. Each payment consists of 
interest due on the remaining principal and repay­
ment of a portion of the principal. Let X equal the 
amount of the periodic payment. Let Kp equal the 
amount originally financed. The percentage of the 
payment which is interest is It and the remainder re­
presents a principal payment (Pt) . Therefore, It 
plus Pt equals 1.
The first payment will be almost all interest (I0 ^  1)• 
The percentage of X which is interest in the second 
payment is given by:
*1
where: r = rate of interest on the mortgage.
similarly, I 2 = r ^ P  ^1^)
X
r (Kp - P]X - P 2X)I3 = ------------------
Therefore, in general:
t
* <pj-l x>]
I t ~ _________ _____________
X
(6)
In other words, the expression represents the decimal 
fraction of the intial mortgaged amount which, paid 
in equal amounts, will repay interest and principal 
over the life of the mortgage ((N + <*) years). There­
fore, we can redefine X as:
KFr
x = 1- (1+r)' ( N'+Q')
substituting in equation (7) yields
t
It = 1 - (l+r)“ (N-ta) - r ^  (1 - I j_L) . . . (8)
The present value (PV) of equation (8) is expressed 
as:
m+n
It = PV of It = ^  [l ' (l+r)'(N_ky) - r
(1 - Ij^)] (l+ck)_t
m+n
. • (9)
Since mortgage interest is a deductible expense for 
income tax purposes, the effective cost of the 
interest payment (as a decimal fraction of X) can be 
expressed as:
[1 - tJ it ... do)
where: (Kp represents the remain­
ing principal at time t.
Substituting (1 - It) for Pt in equation (6) yields:
It = S  (kf X (1 - Ij-i)
J = J
It = - rX (1 - Ij-1>J=J • • • (7)
The standard method for determining the size of a 
mortgage payment is given by the capital recovery 
formula.* Algebraically;
where: TF is the individual income tax rate.
Multiplying equation (10) by X (the amount of the 
payment) expresses the effective interest cost in 
present dollars.
Effective PV Cost of Interest = [l-Tj] It X . . . (11)
The cost of the principal each period can be expressed
as:
PtX = (1 - It)X • • • (12)
Combining equations (11) and (12) yields the total 
cost of buying a mortgage.
_______ f________  = capital recovery
1 - (1+r) - (N+>)
factor
(PV) of total cost = [l - Tj] ItX + (1 " It)X
- x[ it (i - tx) + (i - it)] 
= x [it - Tjit + 1 - it]
* The Engineers Companion. Mott Souders, John Wiley and Sons, 1966, p. 270.
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(PV) of Total Cost = X [l - Tjlt] (13)
Equation (13) is then entered into the cost function 
if the system is privately owned and financed with a 
mortgage. If it is corporate owned, equation (3) 
should enter the cost equation.
2.2 FOSSIL FUEL COSTS
These operating costs are also tax deductible ex­
penses. The effective cost of maintenance and opera­
tion is given by:
m+n
[l " Tc] co+m L1 - T, ] 2
+ c
t=m (1 + ck)t
(17)
The present value of future fuel expenses is handled 
using a straight forward present value approach. The 
quantity of fossil fuel needed is determined by the 
technical requirements of the system and its geogra­
phical Ideation. The price is forecast for each period. 
The present value of the total cost of fossil fuel 
(Cp) is expressed as;
m+n Qt
CP " X  (l+ck)fc . . .  (14)
t=m
where: C^ = the total cost (quantity times price)
of fossil fuel used in the period t.
Fuel costs are considered an operating expense for 
income tax calculations. This is a federal subsidy 
to fossil fuel consumption since the tax reduces the 
effective cost by a factor of [l - Tc]. Equation 
(14) can then be rewritten as:
t=m
2.4 PROPERTY TAXES
To this point, the analysis has only considered the 
effect of the corporate and individual income tax on 
costs. Some energy systems,may result in higher pro­
perty taxes. It will be assumed that property tax is 
a relatively small expense for a corporation. There­
fore, only the effect of property tax on individually 
owned systems will be considered.
The property tax pertinent to this study is the addi­
tional tax paid as a direct result of adding an energy 
system. Usually, property taxes are compiled on the 
basis of assessed valuation. The assessed value is 
some fraction of the market value of the property.
The actual tax is then calculated as a percentage of 
the assessed valuation. The wide variation in pro­
perty taxes was demonstrated in a recent study pre­
pared for the National Commission on Urban Problems.* 
According to the study, approximately 70,000 local 
government units are authorized to levy property taxes. 
In addition, each state (and the District of Columbia) 
has a different legal system. As a result, according 
to the author, "there are really 70,000 or so different 
property taxes in the United States, grouped into 51 
systems with common legal settings."*
Forecasting the price of fossil fuel in each of the n 
periods is the crucial, as well as the most difficult, 
component of this cost estimation. Price forecasts 
differ widely. Therefore, different estimates should 
be entered into the model and tested for cost sen­
sitivity. In the case of on-site solar energy systems 
fuel costs refer to fossil fuels used in both electri­
city generation and space conditioning energy.
2.3 MAINTENANCE AND OPERATION COSTS
Despite the complicated nature of the property tax 
system, some averages of the tax rates and assessed 
value ratios have been compiled. If the exact location 
of the system is known, the appropriate local tax rate 
can be used.
The market value of an energy system can be approximated 
by the book value of the capital cost. In this analysis 
it is approximated by K. The present value of the 
additional property tax can then be expressed as:
Maintenance and operating costs, excluding fuel ex­
penses, are estimated using the same approach as fuel 
costs. The present value of maintenance and operating 
costs (Co+m) is given by:
^o+m “
m+n
I
t"=:rr
<S +
TT
CL m
+ ck)E
(16)
where:
where: c£ •= the total operating cost incurred in
the period t. (The superscript t does 
not represent a power function)
Co = the total maintenance cost incurred in 
time period t.
m+n
T_ =
t=m
(P) (a) (K). 
(1 + ck)t
(18)
Tp « the present value of property tax
attributible to a new energy system
a = assessed value expressed as a percent 
of market value
p = property tax rate
K = book value of the capital goods, (an 
approximation of the system's mar­
ket value)
* Impact of the Property Tax by Dick Netzer for the National Commission on Urban 
Problems, 1968, p. 5.
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Since property taxes are a deductible expense for in­
dividual income taxes, the effective cost is reduced 
|_1 - Tj] where Tj is the individual income tax rate. 
Equation (18) is then expressed as:
m+n
[l - TjjT = (1 - T ) CbI (,a)K . . . (19)
P t=m (1+Ck)fc
2.5 THE TAX BENEFITS OF DEPRECIATION
D t
a )  (' - r 1 if t < (n^+1
(* - i) tc_1 if t ^ 2 )  + 1
n + 1 - tc
where: t_ is the first t greater than or equal 
to Jj + 1.
The depreciation of capital assets reduces the ef­
fective cost of an energy system because it lowers 
the corporation's income tax. The first step in cal­
culating the cost reduction is to determine the de­
preciation each time period. The two methods for cal­
culating depreciation which will be considered are 
straight line and double declining balance.
For both methods, it will be assumed that at th.; end 
of m+n years the energy sys tem does not have enough 
salvage value to be worth considering. Let D t equal 
the amount of depreciation deducted in period t. The 
present value of the depreciation, using a straight 
line (SL) method is given by:
m+n
K X  ... 1n Zl (' l+ck)L 
t=m
The present value of this method is then: 
m+n
t=m
Incorporating the tax effect yields the final 
equation:
Tax benefits of DDB and SL Depreciation = 
mfn
V  D t
"Tc 2  TT+ck)t • • • (21)
t=m
2.5 THE INVESTMENT TAX CREDIT
Incorporating the tax benefit feature of the deprecia­
tion this column yields:
Tax Benefits of SL n*±n
Depreciation = -Tc £  ^  (l 2 'k) t
The expression is negative because it reduces the 
total cost of the energy system.
The double declining balance method is given by the 
following general form:*
Dt * K(|) (l - ! ) <t_l)
However, most corporations only use a double declining 
balance (DDB) until the time period when a straight 
line method would yield a larger amount to depreciate. 
This process can be expressed by:**
In addition to depreciation allowances, the cost of 
an investment to a corporation can also be reduced by 
utilizing investment tax credits. An investment tax 
credit allows a certain percentage of new investment 
to be deducted from the firm's tax liability. The cre­
dit can only be claimed in one time period and it does 
not reduce the basis for depreciation.
The law also states that the credit cannot be more than 
the first $25,000 of tax liability plus one-half of the 
liability in excess of $25,000.*** For the purpose of 
this analysis, however, we will assume the tax credit 
does not exceed the allowance maximum. Given this as­
sumption, the cost reduction attributable to an in­
vestment tax credit can be expressed as:
- (8) * (K)
where: g = the investment tax credit (expressed
as a decimal fraction)
We will assume the tax credit is claimed when construc­
tion of the project is started (time m-cy). The present 
values of the credit is given by:
* The Capital Budgeting Decision by Harold Bierman and Seymour Smidt, MacMillan 
Company, New York, 3rd Edition, p. 246.
** "Public Utility Investment Analysis" by J. Hass, National Technical Information 
Service, Department of Commerce, January 1971.
*** 1974 Federal Tax Course. Prentice-Hall, Englewood Cliffs, New Jersey, 1973,
p. 2050.
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It = - 3 (K) (l+ck)-(m-a) • • • (22) 4. BIOGRAPHIES
3. SUMMARY
The components of the total cost function applicable 
to any energy system will depend on the ownership of 
the system. The function can be divided into two 
general cases. The first is corporate owned, with 
minor modifications for publicly owned corporations, 
and the second is privately owned. The corporate 
owned system finances using equity and debt, uses 
depreciation to reduce cost and is assumed to ignore 
the effect of property tax. The corporate cost curve 
is the summation of equations (5), (15), (17), (21), 
and (22).
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P.V. of Total Cost
Corporate
[(!-Tc)qDrD + rs9sj
m+n
2  (1+ck)
t=m-a
KF
+ (l+ck) (m-cO+nS+1
m+n
It=m
C t
d + ck) [1-Tc
m+n
t=m
Cp1 + Cm1-
( H c k)t
m+n
He is currently responsible for the technoeconomic 
analysis phases of MRI1s on-going studies of solar 
electric systems.
Mr. Bradley is a member and former officer of the 
Kansas City chapter of the Society of Manufacturing 
Engineers and is a member of the International Solar 
Energy Society. He received the B.S. in Mechanical 
Engineering (1968) and the M.B.A. in Finance (1973) 
from the University of Kansas.
c t - a 00
(l+ck)f (l+ck)*1-*
(23)
The individually owned energy system is financed with 
mortgage debt, incurs additional property tax, and 
does not receive the tax benefits of depreciating 
the asset. The individually owned system is repre­
sented by the summation of equations (13), (14), (16), 
(19), and (22).
Algebraically:
P.V. of Total cost = x ri -
Individual
Tl it ] +
m+nv Cpt ) ( m+n r t , r t \ uo + Lm J + t1 -  n ]Z
t=m
(l+ck)t | 1 Z (l+ck)t
m+n
y p(a)K - ( 3(K) |L-.t=m (l+ck)t 1 (1+Ck)ffl-Q' ? . . . (24)
Equations (23) and (24) represent the total life-cycle 
cost of an on-site solar energy system to a corpora­
tion and an individual, respectively. As mentioned 
previously, the equation also offers a convenient 
method for calculating the life-cycle cost of other 
types of energy systems.
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